Objective: To document patterns of measured weight and waist circumference (WC) change and the increase in overweight and obesity over a 9-year period. Subjects/Methods: A total of 1044 subjects from two age-defined cohorts aged 39 and 59 in 1991. Height, weight and WC were measured in 1991, 1995 and 2000 and body mass index (BMI) was calculated. Pattern of weight and WC change was studied over approximately 9 years. Results: The prevalence of overweight and obesity increased markedly and the younger cohort showed greater increases in weight and WC than the older cohort. There was no significant difference in mean BMI and/or mean 9-year weight change between men and women in either age cohort, and mean weight gain was similar for all occupational groups. Only 20% of subjects maintained a stable weight (72 kg), while 42.2 and 17.6% gained greater than 5 and 10 kg over the 9-year period, respectively. The rate of weight gain appeared to be relatively steady over the 9 years among younger subjects but declined in the older subjects in the second half of the observation period. Conclusions: Health promotion strategies to prevent weight gain need to be population-based, targeting all social and age groups, but particularly those in their early middle-age.
Introduction
Obesity has reached epidemic proportions globally (FAO/ WHO, 2003) . The prevalence of obesity has increased not only among adults but also children and adolescents, suggesting that the increase in obesity among adults will accelerate further in the near future (Seidell, 1995) . Obesity is the most obvious manifestation of excessive energy intake and an increasingly sedentary lifestyle, and is associated with multiple adverse physical, psychological and social health consequences throughout the life course (National Health Services Centre for Reviews and Dissemination, 1997) .
In the United Kingdom, obesity is increasing at an alarming rate (The Scottish Office, 2000; British National Audit Office, 2001 ) and cross-sectional surveys have shown that while its prevalence is increasing across entire populations, some population groups seem to be at an increased risk. Results of the 2001 National Diet and Nutrition Survey (NDNS) indicate that prevalence of overweight and obesity are significantly higher in men than women (66 vs 53%) and highest in men aged 50-64 years (78%; Ruston et al., 2004) .
There are a number of large cohort studies that have tracked weight change in the United States (Coakley et al., 1998; Fine et al., 1999; Field et al., 2001a) and elsewhere (Heitmann and Garby, 1999; Hughes et al., 2002) . However, longitudinal studies in which increases in weight and body mass index (BMI) are examined in relation to socio-demographic variables in a population cohort in the United Kingdom are scarce. The aim of this study was to document patterns of measured weight and waist circumference (WC) change and the increase in overweight and obesity over a 9-year period in a population in the West of Scotland.
Methods
The anthropometric data were derived from the West of Scotland Twenty-07 Study: Health in the Community. The study employed a two-stage clustered random sample design based on postcode sectors within the Central Clydeside Conurbation. Approximately 1000 people in each of two adult age cohorts were interviewed in the baseline surveys in [1987] [1988] . A comparison of the West of Scotland Twenty-07 study sample with data from the 1991 census indicated that the sample was representative of the target population in terms of sex, social class, tenure and car ownership (Der, 1998) .The study was approved by the West of Scotland Medical Committee and the University of Glasgow Ethics Committee. Further details of the methodology are described elsewhere (Macintyre, 1989) . This paper presents data for the two older cohorts who were aged 39 years (younger cohort) and 59 years (older cohort) in 1991. Of a total of 1710 subjects interviewed in 1991, 1044 subjects were followed up in both 1995 and 2000. Head-of-household (HOH) occupation class at baseline was used as a marker of individual socioeconomic position and classified into four groups as 'professional or intermediate', 'skilled nonmanual', 'skilled manual' and 'partly skilled or unskilled manual' (The Scottish Office, 2000) .
Height, weight and WC were measured in 1991, 1995 and 2000. Height was measured, using the Leicester Height Measure stadiometer, in standing position, without shoes, heels against the wall and head in the Frankfort plane and the measurement was rounded to the nearest tenth centimetre. Weight was measured, using portable electronic scales (Soehnle, Nassau, Germany ), with light clothing and was rounded to the nearest 100 grams. WC was measured by placing a tape measure around the bare abdomen just above the iliac crest without compressing the skin and was recorded in centimetres and millimetres. BMI was calculated and divided into four categories: BMIo20 kg m À2 , BMI ¼ 20-24.9 kg m
À2
, BMI ¼ 25-29.9 kg m
(overweight) and BMIX30 kg m À2 (obese; WHO, 1997) .
The changes in anthropometric data over the 4-and 9-year periods were estimated by subtracting the actual values of weight and WC in 1991 from those in 1995 and 2000. Weight change was classified as 'stable' if subjects maintained their weight over the 9-year period at 72 kg of baseline weight. 'Weight gain' was classified as gaining more than 2 kg and an increase of 5 kg or more was judged to be a 'major' weight gain. 'Weight loss' was classified as a weight loss of more than 2 kg and a weight loss greater than 5 kg was judged to be a 'major' weight loss (Fine et al., 1999; Ball et al., 2003) . Assessment of WC levels was based on the action levels identified for health promotion purposes by Lean and Han (2002) and adopted by the Scottish Intercollegiate Guidelines Network (SIGN) (1996) and more widely by the NCEP-ATP-III (2001). 'Action level 1' is considered as a first warning for personal action to prevent further weight gain and uses 480 cm for women and 494 cm for men as the cutoffs, which would identify virtually everyone with a BMIX 25 kg m
. 'Action level 2' uses cutoffs of 488 cm for women and 4102 cm for men, which would identify almost everyone with BMIX30 kg m
, and is associated with high coronary heart disease (CHD ) risk, demanding professional help (Lean and Han, 2002 
Results
Loss to follow-up from 1991 to 2000 was 35% in the younger cohort (36% men and 35% women) and 42% in the older cohort (46% men and 39% women). There was no difference in the percentage loss to follow-up by BMI classification. Follow-up data were not available for subjects who dropped out of the study but after controlling for the age cohort, the mean weight, BMI and WC and the proportion of subjects overweight or obese at baseline were not statistically different between those subjects measured in all three interview waves and those who dropped out of the study over the 9 years. Body weight increased over time for men and women in both age cohorts but there was no discernible change in height (Table 1 ). There was no significant difference in the mean 9-year weight change between men and women in either age cohort. However, younger men gained significantly more weight compared with older men (5.3 vs 2.2 kg, Po0.001) and younger women gained significantly more weight than older women (5.5 vs 1.6 kg, Po0.001). While the rate of weight gain among the younger cohort was relatively steady over the 9-year period, it appeared to slow down after age 63 in the older cohort ( Figure 1 ). For all subjects combined, the proportion with overweight or obesity increased from 54.9% in 1991 to 63.9 and 69.3% after 4 and 9 years, respectively. There was no significant difference in mean weight change according to HOH occupational group for either men or women ( Table 2) .
The mean 9-year change in WC was significantly greater among younger men, compared with older men (5.46 vs 3.74 cm, Po0.001) and for younger women compared with older women (6.78 vs 4.39 cm, Po0.001). The proportion of subjects with a WC at Action level 1 or higher (X80 cm women and X94 cm men) increased significantly from 38.2% in 1991 to 59.2% in 2000. Similarly, the proportion of subjects with a WC at Action level 2 or higher (X88 cm women and X102 cm men) increased from 14.4% in 1991 to 30.5% in 2000. The prevalence of high WC was significantly higher in the older age cohort compared with the younger subjects in all interview waves (Table 1) .
Only 20% of subjects maintained a stable weight, which was classified as a weight change of 72 kg. In total, 42.23% of all subjects gained greater than 5 kg over the 9-year period and 17.6% gained more than 10 kg. Table 3 shows the proportion of subjects in each category of weight change, and the associations among age cohort, HOH occupational class, baseline BMI category and baseline WC category for men and women. For both men and women, weight change was significantly associated with age, with a greater proportion of younger subjects gaining more than 5 kg. For women but not men, weight change category was significantly Table 4 . Both men and women in the older cohort had a reduced risk of a major weight gain. Baseline BMI category was not a predictor of major weight gain and with the exception of men in the partly skilled/unskilled group, there was no significant association between HOH occupation group and risk of major weight gain. The models were run using WC instead of BMI giving virtually the same results (data not shown).
Discussion
This study demonstrates a large increase in the prevalence of overweight and obesity in this Glasgow population between 1991 and 2000, consistent with recent data from other European countries (Berg et al., 2005; Drøyvold et al., 2006) , Changes in weight and WC in a Scottish population M Ebrahimi-Mameghani et al the United States (Fine et al., 1999) and Australia (Ball et al., 2003) . While significantly fewer women than men maintained a stable weight over the 9-year period, we found no significant difference between the genders, in either age cohort, in the mean 9-year weight change or mean BMI. Evidence of an association between weight gain and gender is inconsistent. Some studies have reported significantly higher weight gain and BMI change over time among women compared with men (Van lenthe et al., 2000; Truong and Sturm, 2005) , while others have reported a greater increase in weight or BMI for men compared to women (Berg et al., 2005) .
A recent review (Ball and Crawford, 2005) indicated that among non-African American populations, weight gain over time is inversely associated with indices of socioeconomic status, including occupational status. While in this study, there was a nonsignificant inverse association between mean baseline weight and occupational status for women, conversely, among men, mean baseline weight was positively associated with occupational status. We failed, however, to show a significant association between 9-year weight change and occupational status for either men or women in our study. Similarly, a recent large US study (Truong and Sturm, 2005) reported fewer differences in weight gain by relative Changes in weight and WC in a Scottish population M Ebrahimi-Mameghani et al income and education than expected. We suspect that socioeconomic differences in prevalence of obesity and weight gain over time are decreasing as our environment becomes increasingly obesogenic, although further research is needed to confirm this suspicion. While the increase in the overall prevalence of obesity can be tracked in repeated cross-sectional studies, a longitudinal study of this type provides further insight into the age-related pattern of weight gain in individuals. Although we followed only two distinct age cohorts, we were able to demonstrate a strong relation between age and weight gain. The average annual weight gain in this study was markedly higher for younger men compared with older men (0.59 vs 0.24 kg) and for younger women compared to older women (0.61 vs 0.18 kg). These age-related annual increases in weight are strikingly similar to those reported for subjects in the European Prospective Investigation into Cancer and Nutrition (EPIC)-Oxford study (Rosell et al., 2006) . While the rate of weight gain was fairly constant throughout the 9 years in the younger cohort, it appeared to slow down in both men and women in the second half of the 9-year period.
The increases in WC observed in both genders over the 9-year period are consistent with other European longitudinal or repeated cross-sectional studies (Leise et al., 2001; Berg et al., 2005) . WC is increasingly seen as a better predictor of total body fat than BMI, and because it also reflects intraabdominal fat mass, it is a superior predictor of ill-health than BMI (Zhu et al., 2002) . In this study, the WC measures suggest a higher health risk amongst older subjects than that indicated by BMI. For instance in 2000, 20.8% of older men had a BMIX30 kg m À2 but 29.9% had a WC at Action level 2.
Similarly, 24.1% of older women had a BMI of X30 kg m À2 but 39.2% had a WC at Action level 2. It seems that agerelated changes in body composition and fat distribution, which are associated with a loss of lean muscle mass are poorly captured by standard anthropometric data (Seidell and Visscher, 2000) . In populations with normal BMI distributions (that is, without large numbers of very obese subjects), lean body mass is probably better reflected by BMI, whereas increased WC better reflects fatness (Zhu et al., 2002) . Although our subjects in the older age cohort were in their late middle-age at baseline, our results suggest that the they were starting to exhibit age-related changes in body composition (that is, decrease in lean body mass and increase in fat mass, particularly central fat distribution). Following these subjects, up to 70 years of age and after will clarify what is happening to body composition and fat distribution using BMI and WC. Strengths of this study were the representative sampling, and that weight and height were measured at each time point and not self-reported. This allowed us to report changes in the proportion of subjects overweight or obese and to reliably describe patterns of weight change among men and women of different age groups. Many widely quoted studies use self-reported data with scope for bias, or include nonrepresentative samples. A limitation to our study, however, is the relatively high loss to follow-up over the 9-year period, which could have biased these results. However, Berg et al. (2005) cite numerous studies with high attrition rates, which have concluded that self-selection has little impact on prevalence estimates. Nonparticipants usually have the same or higher BMI compared to participants, which would result in an under estimation, rather than an overestimation, of the prevalence of overweight.
A further limitation is that we considered only baseline demographic and anthropometric characteristics as predictors of weight gain, which limits the usefulness of our findings and their generalizability to other populations. We Changes in weight and WC in a Scottish population M Ebrahimi-Mameghani et al did not investigate the role of behavioural factors known to impact on weight (for example, dietary intake, physical activity and smoking status) in this analysis, which would have provided further information to inform the development of effective strategies to prevent weight gain and promote weight maintenance. Nevertheless, the age-related weight gain patterns reported in this study are consistent with those reported in other populations (Ball et al., 2003; Drøyvold et al., 2006) . The general similarities in weight gain across occupational groups seen in this study suggest that insidious weight gain is a widespread problem that crosses all social boundaries. Weight gain was not associated with gender but was greatest among subjects of early-middle age at baseline. The results of this study indicate that health promotion strategies to prevent weight gain need to be population-based, targeting all social and age groups, but particularly those in their early middle-age.
